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Intermittent hypoxia (IH) is a promising approach to
induce acclimatization and hence lower the risk of developing acute mountain sickness (AMS). We hypothesized
that a short-term IH protocol in normobaric hypoxia
(7 ¥ 1 h to 4500 m) effectively increases the hypoxic ventilatory response (HVR) and reduces the incidence and
severity of AMS. Therefore, 26 men (25.5 ⫾ 4.4 years),
assigned in a double-blinded fashion to the hypoxia group
(HG) or placebo group (PG), spent 8 h at 5300 m before
(PRE) and 2 days after cessation of the IH protocol
(POST). Measurements included the evaluation of the
Lake Louise Score (LLS) and the HVR. The severity of

AMS decreased from PRE to POST in the HG (from
6.0 ⫾ 2.7 at PRE to 4.1 ⫾ 2.1 at POST), whereas the LLS
in the PG stayed high (from 5.7 ⫾ 2.9 to 5.5 ⫾ 2.8, respectively). The HVR in the HG increased from 0.73 ⫾ 0.4
L/min/% at PRE to 1.10 ⫾ 0.5 L/min/% at POST and did
not increase in the PG. The reduction of the LLS was
inversely related to the changes in the HVR (r = -0.434),
but the AMS incidence was not different between the HG
and the PG at POST. In conclusion, short-term IH
reduced the severity of AMS development during a
subsequent 8-h exposure to normobaric hypoxia.

The World Health Organization estimates that worldwide,
approximately 35 million visitors travel to altitude destinations above 3000 m annually (Martin & Windsor,
2008). The development of high altitude illness is linked
to rapid ascents of non-acclimatized mountaineers above
2500 m, and acute mountain sickness (AMS) represents
the most common high altitude syndrome. The associated
symptoms are headache, dizziness, nausea, vomiting, loss
of appetite, fatigue, and insomnia, which typically occur
within 6–12 h after ascent (Hackett & Roach, 2001).
AMS is directly related to the absolute altitude
reached (Hackett et al., 1976; Maggiorini et al., 1990;
Schneider et al., 2002; Mairer et al., 2009, 2010), the
rate of ascent, and is inversely related to the degree of
acclimatization. Those who ascend faster and acclimatize less days on the way to high altitude show a higher
AMS incidence than those who gradually climb higher
(Hackett et al., 1976; Kayser, 1991; Murdoch, 1995;
Schneider et al., 2002).
A promising approach to induce acclimatization and
thus reduce the risk of developing AMS is the use of
intermittent hypoxia (IH) by simulated altitude exposures, whether administered in hypobaric or normobaric
altitude (Burtscher et al., 2008). IH possesses the advantage of exposing individuals to short-term and high
degrees of hypoxia, but can avoid some of the detrimen-

tal effects associated with prolonged hypoxemia such as
pulmonary and cerebral edema or symptoms of AMS
(Bärtsch et al., 2004). Applied in hypobaric hypoxic
chambers, i.e., similar conditions to real altitude, or in
normobaric hypoxic chambers, IH also provides an alternative to a few days of continuous altitude residence for
acclimatization (saving of costs and time).
Only a limited number of studies evaluated whether
IH at simulated altitude – the majority using hypobaric
hypoxia – has the potential to prevent AMS. Most of
these studies used long-term IH protocols (ⱖ3 h) over
several days to weeks, at an altitude ranging from 2500
to 4300 m. These results show that AMS can effectively
(Beidleman et al., 2004; Kolb et al., 2004; Muza et al.,
2006; Dehnert et al., 2009) or partially (Schommer et al.,
2010, Fulco et al., 2011) be reduced by IH. The demonstrated AMS reduction was associated with induction of
ventilatory acclimatization (Beidleman et al., 2004;
Burtscher et al., 2008; Muza et al., 2010).
Various IH protocols, lasting from minutes to several
hours and differing degrees of hypoxia [inspired oxygen
fraction (FiO2) of 10–15.5%], have been shown to induce
ventilatory acclimatization (Sheel & MacNutt, 2008),
both in normobaric hypoxia (Garcia et al., 2000; Bernardi et al., 2001; Foster et al., 2005; Katayama et al.,
2005, 2007, 2009; Lusina et al., 2006) and in hypobaric
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hypoxia (Benoit et al., 1992; Casas et al., 2000;
Katayama et al., 2001). Arterial oxygen saturation (SpO2)
may improve under hypoxic conditions (Katayama et al.,
2001), thus counteracting the increased hypoxemia that
has been associated with AMS (Bärtsch et al., 2002;
Burtscher et al., 2004; Loeppky et al., 2008; Mairer et al.,
2009; Karinen et al., 2010).
So far, only long duration IH protocols with daily IH
exposures of ⱖ3 h for 1 week or repeated exposures
(>1 h) for several weeks have been tested for the effectiveness to prevent AMS. When considering that shortterm IH protocols may be as effective in inducing
ventilatory acclimatization as longer ones (Katayama
et al., 2009), we hypothesized that a short-term IH acclimatization protocol, i.e., 1 h/day for 7 days at FiO2
12.6%, can prevent AMS symptoms during a subsequent
exposure to normobaric hypoxia.
Methods
Subjects
Thirty healthy men (age: 25.9 ⫾ 4.9 years; body mass:
78.6 ⫾ 8.4 kg; height: 182 ⫾ 10 cm) were recruited to participate
in the study and gave written informed consent. As four subjects
missed the retest, the following analysis was performed with the
remaining 26 men who completed all tests. Exclusion criteria were
reported to be cardiovascular, respiratory, and neurological diseases, migraine, chronic headache, permanent residence >1000 m,
an overnight stay at altitudes >2500 m in the previous month, and
exposure above >2500 m 2 weeks prior to the starting of the tests,
as well as during the whole investigation period. The study took
place in the laboratory of the Department of Sport Science, University of Innsbruck, at 600 m a.s.l. Subjects were not informed
about the placebo-controlled, double-blinded study design. We
considered this to be ethically acceptable as we did not promise
improvement of performance and the study outcome had no direct
relevance to the subjects. The study had been approved by the
ethics committee of the Medical University of Innsbruck.

Study design
The subjects were exposed 8 h to normobaric hypoxia (PRE) at an
inspired oxygen fraction (FiO2) of 11.3% (5300 m). Thereafter, the
subjects were randomly assigned in a double-blinded, stratified
fashion to the hypoxia group (HG) or the placebo group (PG)
(characteristics of groups in Table 1). For stratification, the subjects were ranked according to their highest Lake Louise Score
(LLS) at PRE and then assigned alternately to the HG and PG. The
two groups did not differ regarding AMS incidence at PRE,
highest LLS, hypoxic ventilatory response (HVR), and SpO2
values at PRE, history of AMS symptoms, age, body mass index
(BMI), altitude of permanent residence, or highest altitude reached
(Table 1). The allocation of the subjects into the respective groups
and the measurements during the IH sessions were performed by
co-workers who were not involved in any analysis or other tests
during the study. The IH acclimatization protocol started not less
than 4 weeks after the first 8-h exposure. None of the subjects
ascended above 1600 m 4 weeks prior to, or during, the IH exposures. Two days after cessation of the IH protocol (POST), the
subjects spent again 8 h at FiO2 11.3%.

Table 1. Baseline characteristics of the hypoxia group (HG) and the
placebo group (PG) prior to starting the intermittent hypoxia (IH) acclimatization protocol

n
Age (years)
BMI (kg/m2)
Altitude of permanent
residence (m)
Highest altitude reached (m)
History of AMS symptoms
(n)
PRE-test values
AMS incidence_PRE (%)
Highest LLS_PRE
SpO2 in hypoxia_PRE (%)
HVR_PRE (L/min/%)

HG

PG

P-value

13
24.9 ⫾ 4.5
23.8 ⫾ 2.3
608 ⫾ 73

13
26.0 ⫾ 4.4
23.1 ⫾ 1.3
627 ⫾ 110

0.5
0.4
0.6

3,466 ⫾ 860 3,537 ⫾ 658 0.8
2
3
0.5
92.3
6.0 ⫾ 2.7
74.7 ⫾ 5.2
0.73 ⫾ 0.4

76.9
5.7 ⫾ 2.9
73.2 ⫾ 3.6
0.81 ⫾ 0.5

0.3
0.8
0.4
0.6

Values are presented as means ⫾ SD, numbers, or frequencies (%).
P-value calculated with unpaired t-test or Fisher’s exact test as
appropriate.
BMI, body mass index; AMS, acute mountain sickness; PRE, 8-h hypoxic
exposure to FiO2 11.3% 4 weeks before the IH acclimatization protocol
started; LLS, Lake Louise Score; SpO2, arterial oxygen saturation; HVR,
hypoxic ventilatory response.

sessions were performed in two normobaric hypoxic chambers
(hypoxic room systems; Hypoxico OHG, Traunstein, Germany) as
the HG and PG were exposed during the same days. The number
of subjects exposed at one time did not exceed five people during
the IH sessions or the 8-h exposures. During the IH sessions, SpO2
was measured and the LLS was assessed before and after 25 and
55 min of exposure. Values were not visible for the subjects. All
subjects thought that they received hypoxia in the IH sessions as
they did not know that it was a placebo-controlled study design.

Eight-hour hypoxic exposure before (PRE) and 2 days after the
IH acclimatization (POST)
At PRE and POST, the same course of action was followed. The
subjects visited the laboratory in the morning hours and a short
clinical routine examination was performed. The subjects
abstained from caffeine and alcohol intake for at least 12 h and
from strenuous exercise for 24 h prior to the measurements.
Before entering the normobaric hypoxic chamber, baseline measurements including evaluation of the LLS, determination of the
HVR, SpO2 values, heart rate (HR), and hemoglobin (Hb) and
hematocrit (Hct) measurements were performed. During the 8-h
hypoxic exposure, resting measurements after 30 min and after 2,
4, 6, and 8 h included assessment of the LLS, SpO2, and HR. Hb
and Hct measurements were repeated at the end of the hypoxic
exposure. During the trial, the subjects rested in a sitting position,
watching DVDs, reading, or listening to music. They were allowed
free control of fluid and caloric intake. FiO2 and inspired fraction
of carbon dioxide (FiCO2) in the hypoxic chamber were kept at
11.3 ⫾ 0.2% and 0.5 ⫾ 0.1%, respectively.

Measurements
Assessment of AMS

IH acclimatization protocol
The IH protocol consisted of episodes of 1 h/day at FiO2 12.6% or
placebo (FiO2 20.9%, 600 m) for 7 consecutive days. The IH
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Incidence and severity of AMS was assessed using the selfreported questionnaire of the LLS (Roach et al., 1993). Of the five
symptoms listed (headache; gastrointestinal symptoms such as

IH and acute mountain sickness
anorexia, nausea, or vomiting; fatigue and/or weakness; dizziness
and/or light headedness; and sleep disturbances), the subjects rated
regarding of their status: 0 for no discomfort, 1 for mild symptoms,
2 for moderate, and 3 for severe symptoms. As the subjects did not
stay overnight in the hypoxic chamber, the symptom complex
‘sleep disturbances’ was excluded. The subjects were classified as
having AMS when the symptom headache was present and at least
one other symptom, with a total score of ⱖ4 (Bärtsch et al., 2004).
This score had to be attained after either 6 or 8 h. Besides, two
subjects who vomited spontaneously during the 8-h exposure (one
after 6 h and the other one after 8 h) in hypoxia, both in the HG,
were rated as having AMS as they seemed seriously affected by the
altitude, although headache was not present (West, 2011).

HVR
HVR was determined using a progressive isocapnic hypoxic test
(Weil et al., 1970). After resting in a sitting position for 20 min,
the subjects were connected to a re-breathing circuit. Expired
minute ventilation (VE) was determined breath by breath, and end
tidal partial pressure of CO2 ( PETCO2 ) (Oxycon Mobile, Jäger,
Germany) and SpO2 (Pulsox-3i; Minolta, Osaka, Japan) were
recorded continuously. PETCO2 was held stable (⫾mmHg) by
drawing part of the expired air through a CO2 absorber. The test
was terminated when SpO2 dropped to 75%, which took an
average of 5 min to do so. HVR was estimated as the slope of
the line calculated by linear regression relating changes in VE to
SpO2 (DVE/DSpO2, L/min/%), with slopes presented as positive
numbers by convention (Katayama et al., 2009). HVR was
assessed before entering the hypoxic chamber at PRE and POST.

SpO2 and HR
Mean values of 5-min recordings of SpO2 values were obtained by
finger pulse oximetry (Pulsox-3i, Minolta) while subjects were
resting in a sitting position before entering the chamber and after
30 min, 2, 4, 6, and 8 h in hypoxia, or after 25 and 55 min during
the IH sessions. HR was monitored with Polar S810, RS800CX
(Polar Electro OY, Kempele, Finland).

Hb and Hct
For the determination of Hb and Hct, blood samples (20 mL) were
taken from the participant’s fingertip and were analyzed (Miniphotometer plus LP 20; Hach Lange, Berlin, Germany) in normoxia and at the end of each 8-h hypoxic exposure.

Statistical analysis
According to the data from Burtscher et al. (2008), who found a
reduction of 66.6% in AMS incidence through a short-term acclimatization protocol (1–2 h/day for 5 days at FiO2 15.5–11.0%) and
an expected AMS incidence of 50% at 4500 m (Maggiorini et al.,
1990; Bailey et al., 2006), the calculated power amounts to 90%
(a = 0.05) for the chosen sample size. Main outcomes of our study
were the LLS, AMS incidence, and HVR. The Kolmogorov–
Smirnov test was used to assess normal distribution of variables. A
two-way analysis of variance (ANOVA) (group ¥ time) for
repeated measurements was performed to assess changes over
time (normoxia to repeated measures in hypoxia, PRE to POST),
with group (HG vs PG or AMS+ vs AMS-) as an independent
factor. During PRE, two subjects abandoned the altitude chamber
after 4 h and two after 6 h due to severe symptoms. At POST, two
subjects left after 4 h and one after 6 h. Missing values of the LLS
after 4 and 6 h were replaced with the last recorded LLS of these
subjects, respectively, and included into the analysis (ANOVA for
repeated measurements) to avoid a potential bias. Post-hoc Stu-

dent’s t-tests with Bonferroni correction were used. Unpaired
t-tests were used to evaluate differences between groups (AMS+
vs AMS- or HG vs PG). Pearson’s correlation analyses were
applied to assess the relationship between the differences (POST
minus PRE) of HVR (DHVR) and LLS (DLLS) as well SpO2 after
30 min, with the highest obtained LLS. Qualitative and not normally distributed data were assessed with non-parametric statistics
(McNemar, Fisher’s exact test, and Wilcoxon). The statistical
analysis was assessed for 26 subjects as four subjects missed the
retest. HVR measurements of four subjects, two from the PG and
two from the HG, had to be excluded due to technical problems.
Data are presented as means ⫾ standard deviation (SD), standard
error of the mean (SEM) in figures, or frequencies as appropriate.
A P-value of <0.05 (two-tailed) was considered to indicate statistical significance. Data analyses were conducted with the use of
the statistical software package PASW Statistics 18 (SPSS Inc.,
Chicago, Illinois, USA).

Results
IH acclimatization protocol
Changes in SpO2 values throughout the IH acclimatization protocol (7 ¥ 1 h at FiO2 12.6% or placebo) were
not significant (ANOVA for repeated measurements). In
the HG, SpO2 was 78.9 ⫾ 4.8% in the first IH session
and 80.5 ⫾ 3.5% in the last IH session. SpO2 in the
PG amounted to 96.5 ⫾ 0.5% at the first day and
96.7 ⫾ 0.9% at the last day of IH, respectively. FiO2
during the IH sessions was kept at 12.6 ⫾ 0.1% for the
HG or at FiO2 20.9 ⫾ 0.2% for the PG.
Eight-hour hypoxic exposure (PRE, POST)
Severity of AMS

The LLS increased over time at altitude, which was a
consistent finding at PRE and POST (P < 0.001, Fig. 1).
The changes in the LLS from PRE to POST were significantly different between the HG and PG (P < 0.05,
two-way ANOVA for repeated measurements, group ¥
time). While the LLS was reduced in the HG at POST
(P < 0.01), the changes in LLS in the PG from PRE to
POST were not significant (Fig. 1). The individually
highest obtained LLS during the 8-h exposure at PRE
and POST was reached after 8 h, except for five subjects
who reached their maximal LLS before (after 2 h, n = 1,
after 4 h, n = 3, after 6 h, n = 1). At PRE, the highest
obtained LLS decreased from 6.0 ⫾ 2.7 to 4.1 ⫾ 2.1 at
POST in the HG, compared with 5.7 ⫾ 2.9 and
5.5 ⫾ 2.8 in the PG, respectively (see Fig. 2). The AMS
symptoms gastrointestinal upset and dizziness were significantly reduced from PRE to POST in the HG only
(P < 0.01). No changes were detected regarding the
AMS symptoms headache and fatigue/weakness.
Incidence of AMS

During PRE, 85% (n = 22/26) developed AMS. The
changes in the AMS incidence from PRE to POST for
the HG and PG are shown in Table 2. After the IH accli-
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Severity of AMS before and after IH
7

*

Lake Louise Score

6
5
4
3
2
1
0

30 min

2h

4h

6h

8h

30 min

PRE

2h

4h

6h

8h

POST

Fig. 1. Mean Lake Louise Score (LLS) with standard error of the mean after 30 min and 2, 4, 6, and 8 h in normobaric hypoxia (FiO2
11.3%, 5300 m) at PRE and POST [before the intermittent hypoxia (IH) acclimatization and 2 days after IH cessation, respectively].
The white bars represent the placebo group and the black bars the hypoxia group. The continuous line indicates the cut-off score for
acute mountain sickness (AMS) diagnosis. *Changes from PRE to POST were significantly different between the two groups
(P < 0.05).

Changes in AMS severity through IH
12

Table 2. Acute mountain sickness incidence for the hypoxia group (HG)
and placebo group (PG) during the 8-h hypoxic exposure at FiO2 11.3%
(5300 m) before (PRE) and 2 days after the intermittent hypoxia acclimatization (POST)

10

HG
n = 13 (%)

PG
n = 13 (%)

P-value

12 (92.3)
7t (53.8)

10 (76.9)
9 (69.2)

0.3
0.3

LLS

8

PRE
POST

6

*

4
2
0

PRE

POST

Fig. 2. Highest obtained Lake Louise Score (LLS) before (PRE)
and 2 days after the intermittent hypoxia (IH) acclimatization
(POST). The continuous lines with squares represent the
hypoxia group (HG, n = 13) and the dotted lines with triangles
the placebo group (PG, n = 13). Mean LLS ⫾ standard error of
the mean for the two groups are represented in thicker lines.
*Significant difference from PRE to POST for the HG
(P < 0.05). DLLS from PRE to POST was significantly different
between the HG and PG.

matization, the AMS incidence in the HG was reduced
by 39%, showing a tendency in reduction (P = 0.06),
whereas the AMS incidence in the PG was reduced by
only 8% (see Table 2). Differences in AMS incidence
between the HG and PG were non-significant at PRE and
at POST.
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Values are presented as frequencies (%). P-value for differences between
groups calculated with Fisher’s exact test.
t
Different by trend (P = 0.06) compared with PRE within HG (McNemar).

HVR

Changes in the HVR from PRE to POST were significantly different between the HG and PG (P < 0.01,
ANOVA, group x time interaction) and are shown in
Fig. 3. While HVR increased significantly in the HG,
from 0.73 ⫾ 0.4 L/min/% at PRE to 1.10 ⫾ 0.5 L/min/%
at POST (P < 0.01), the changes in the PG were not
significant (0.81 ⫾ 0.5 to 0.66 ⫾ 0.4 L/min/%, respectively). DHVR was related inversely to DLLS (r =
-0.434, P < 0.05).
SpO2

SpO2 of both groups decreased significantly from
96.8 ⫾ 0.9% in normoxia to 73.9 ⫾ 4.5% after 8 h in
hypoxia (FiO2 11.3%) at PRE (P < 0.001) and reached
71.8 ⫾ 4.8% at POST, a non-significant change. No dif-

IH and acute mountain sickness
Hypoxic chemosensitivity changes through IH
2.00

HVR (L/min/%)

1.60
1.20

*

0.80
0.40
0.00

PRE

POST

Fig. 3. Hypoxic ventilatory response (HVR) before (PRE) and 2
days after the intermittent hypoxia (IH) acclimatization (POST).
The continuous lines with squares represent the hypoxia group
(HG, n = 11) and the dotted lines with triangles the placebo group
(PG, n = 11). Mean HVR ⫾ standard error of the mean for the two
groups are represented in thicker lines. *Significant difference
from PRE to POST for the HG (P < 0.05). DHVR from PRE to
POST was significantly different between the HG and PG.

ferences in SpO2 were found between the HG and PG at
any time point measured. At PRE, mean SpO2 values
were significantly lower in AMS+ compared with AMS(73.0 ⫾ 3.3% vs 77.3 ⫾ 4.3%, respectively, P < 0.05)
and correlated negatively with the mean LLS at PRE
(r = -0.537, P < 0.01). Also, SpO2 values after 30 min
correlated negatively with the highest obtained LLS at
PRE (r = -0.487, P < 0.05; Fig. 4) but this was not found
at POST, where the differences between AMS+ and
AMS- were not significant (72.1 ⫾ 5.6% compared
with 71.7 ⫾ 4.2%). Changes in SpO2 from PRE to POST
were not related to the changes in the LLS.
HR

HR of both groups increased significantly from
65 ⫾ 9 beats/min in normoxia to 83 ⫾ 12 beats/min
after 8 h at PRE and to 83 ⫾ 10 beats/min at POST
(P < 0.001). The changes in HR from PRE to POST were
not significant and no differences could be detected at any
time point between the HG vs PG and AMS+ vs AMS-.
Hb and Hct

Changes in Hb and Hct were not significant from normoxia (15.7 ⫾ 0.9 g/dL and 47.1% ⫾ 3.2%, respectively) compared to the end of the 8-h hypoxic exposure
at PRE (15.6 ⫾ 1.3 g/dL and 46.2% ⫾ 2.9%) or at
POST. Values were not different between the HG vs PG
and AMS+ vs AMS- at any time point measured.
Discussion
The major findings of this study are that short-term IH
reduces the LLS, a measure of AMS severity. The reduc-

Fig. 4. Relationship between arterial oxygen saturation (SpO2)
values after 30 min and the highest obtained Lake Louise Score
(LLS) during the 8-h hypoxic exposure to FiO2 11.3% at PRE.
The filled circles represent those who developed acute mountain
sickness (AMS) (AMS+, n = 17) and the open circles those who
stayed well (AMS-, n = 4). At POST, no correlation was found
between these two variables.

tion of the LLS is associated with an increase in hypoxic
chemosensitivity, although the relationship is minor.
To our knowledge, this is the first well-controlled
study to report that a short-term (1 h/day for 7 consecutive days) IH acclimatization protocol can effectively
reduce AMS severity 2 days after IH cessation. In an
observational study by Burtscher et al. (2008), where
subjects were exposed 1–2 h for 5 days in normobaric
hypoxia (FiO2 15.5–11.0%) before going to altitude, the
AMS incidence was reduced by 66.6%. In the present
study, the AMS incidence was reduced by 39% in the HG
(P = 0.06) and by 8% in the PG (non-significant change).
So far, studies on prevention of AMS through IH are
scarce and only long-term protocols were reported, i.e.,
IH exposures of ⱖ3 h for days (Kolb et al., 2004; Muza
et al., 2006; Fulco et al., 2011), weeks (Beidleman et al.,
2004; Dehnert et al., 2009), or repeated IH sessions >1 h
over 4 weeks (Schommer et al., 2010). The majority of
these proved to induce acclimatization effectively and
thus reduce the AMS incidence. Beidleman et al. (2004)
demonstrated a significant prophylaxis against AMS,
exposing a small group of six subjects to 3 weeks of IH
(4 h/day, 5 days/week to 4300 m), reducing the incidence of AMS from 50 ⫾ 22% to 0 ⫾ 0% while increasing the SpO2 values. Also, shorter protocols of 5–7 days
of 3–8 h of IH indicated to prevent AMS successfully
(Kolb et al., 2004; Muza et al., 2006). Nevertheless, it
needs to be addressed that these studies were not blinded
or placebo-controlled, which may have confounded the
outcomes. Those using a placebo-controlled study
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design demonstrated to prevent AMS only partially,
without significant effects on the primary endpoints of
the studies (Schommer et al., 2010; Fulco et al., 2011).
While Schommer et al. (2010) found the AMS incidence
to be markedly reduced at an altitude of 3611 m, it did
not prove to be preventive against AMS when ascending
to 4559 m 5 days after a 4-week IH training. Also, Fulco
et al. (2011) reported after 7 consecutive nocturnal IH
exposures of 7.5 h, at altitudes between 2200 and
3100 m, that the AMS incidence was reduced upon
awakening, but the prophylactic effect was not retained
for the remaining hours of the day at 4300 m, terrestrial
altitude (Fulco et al., 2011). Although they induced ventilatory acclimatization through this protocol, they presumed that the ‘sleep’ IH protocol might be only
effective during sleep and acclimatization in normobaric
hypoxia is not effective to prevent AMS in a hypobaric
environment (Fulco et al., 2011).
Our findings show at least small preventive effects
with regard to the severity of AMS. Ventilatory acclimatization induced by IH might help to prevent AMS development (Beidleman et al., 2004; Burtscher et al., 2008;
Muza et al., 2010). Also, our findings point to such a
relationship, as the HVR increased after IH in the HG
and DHVR was associated with the reduction of the LLS.
Nevertheless, this relationship was small, indicating that
mechanisms other than HVR must be involved in the
pathogenesis of AMS. Surprisingly, changes in SpO2
over the IH sessions were not significant and SpO2
values were not increased in the HG compared with the
PG at POST, although Katayama et al. (2001) reported
augmented SpO2 values up to 7% using the same protocol as we did. Unfortunately, we did not perform blood
gas analysis and thus cannot evaluate potential changes
in the oxygen dissociation curve (ODC). The outcome of
lower mean SpO2 values in those who developed AMS
during the 8-h hypoxic exposure at PRE was also
reported by others, demonstrating an inverse relationship
between AMS and SpO2 (Bärtsch et al., 2002; Burtscher
et al., 2004; Loeppky et al., 2008; Mairer et al., 2009;
Karinen et al., 2010). The relationship between SpO2
values after 30 min in hypoxia and AMS development at
PRE has been reported before by Burtscher et al. (2004),
showing SpO2 values to be approximately 4.9% lower in
AMS susceptibles.
Some limitations need to be addressed. Sleep quality
was not included into the AMS score, as subjects were

only exposed 8 h during the day. The AMS score would
probably be one or two points higher in a real altitude
setting, including an overnight stay and exercising at
altitude (Roach et al., 1996). Due to technical problems,
HVR measurements of four subjects, two from the PG
and two from the HG, had to be excluded. As mentioned
earlier, because no measurements of blood gases are
available, potential changes in the ODC cannot be evaluated. Two subjects who were vomiting at PRE, but who
did not have headache, were classified as having AMS.
Some proposed that headache must be a required
symptom for the diagnosis of AMS (Roach et al., 2011),
but it needs to be considered that subjects without headache might as well be seriously affected by the altitude
(West, 2011). Nevertheless, the relatively large sample
size and the exposure to severe normobaric hypoxic conditions strengthen our study findings.
Perspectives
Our results indicate that a short-term IH protocol can at
least slightly reduce the severity of AMS during a subsequent 8-h exposure to normobaric hypoxia. This
reduction is associated with an increase in hypoxic
chemosensitivity, although the relationship is minor.
This indicates that mechanisms other than the HVR must
be involved in the pathogenesis of AMS. Furthermore, it
needs to be assessed if the tested IH protocol can reduce
AMS symptoms in a higher risk setting, such as in a
hypobaric, hypoxic environment with longer exposure
time, including exercise, etc. As the study was performed
in normobaric hypoxia, no firm conclusion on whether
the tested IH protocol might be effective to reduce AMS
when ascending a mountain can be derived. Also, the
“optimal dose” of IH for the prevention of AMS and how
long effects can be retained need to be determined.
Key words: altitude illness, acclimatization, normobaric
hypoxia, hypoxic chemosensitivity.
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